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Abstract
This paper focuses on how content adaptation is provided in adaptive and adaptable
hypermedia systems. Questions that we investigate are: How focus and context can be
supported by content-adaptation techniques? Are there any techniques that can be easily
generalized to adapt the content of generic Web pages without requiring much effort from the
author of the pages? How different adaptation techniques should be compared? We propose a
new technique of adaptive presentation of Web content, which derives from fisheye views.
This technique applies adaptation by modifying the scale of the visual elements in Web pages.
We present an adaptable Web application that applies the technique to a set of real-world
pages. We also identify existing adaptation techniques that relate to the proposed technique
and examine their strengths and weaknesses. Finally, we present and discuss the results of a
pilot study which compared our fisheye technique against stretchtext adaptation. The results
indicate that our technique is promising while they give valuable feedback about future work.
1. Introduction
Decreasing the cognitive overload caused by the presence of information which is irrelevant to
the goals of Web users has been a main goal of Adaptive hypermedia (AH) systems.
Following Brusilovsky’s taxonomy [4], we can distinguish between two types of adaptation
techniques employed by AH systems to support this goal: adaptive-presentation techniques
and link-adaptation techniques. While link adaptation aims at providing navigational support
to hypertext users, the goal of adaptive presentation is to adapt the content of the pages
according to the users' goals, knowledge, language or other user characteristics.
In this paper, we present a new technique of adaptive presentation which is based on the use
of multiple levels of zooming to adapt the content of a typical Web page. This technique is
influenced by existing focus+context approaches for information visualization, in particular,
fisheye views. We view content adaptation as a process of moving the focus within a page
rather than hiding or changing parts of the page. Context is always visible and can be easily
brought into focus by the user. This approach balances the trade-off between overloading the
users with less relevant information and preventing them from having the control of the
content in a page. Adapting the level of zooming of visual elements in a page can be
considered as a new technique of canned text adaptation [4]. We demonstrate a Web
application which integrates the technique into an adaptable, user-determined [14, 15]
interaction model. 
We acknowledge that other techniques of content adaptation [3, 8, 9] also allow users to
access information that is out of focus. We discuss strengths and weakness of each of thesetechniques. We also present the results of a pilot study which compared stretchtext, which is a
well-studied adaptation technique, against our technique. Finally, we discuss the implications
of the results for future work. 
2. Focus, Context and Fisheye Views
Supporting context and focus has been the goal of several techniques in the community of
Human Computer Interaction. Most techniques are based on fisheye views [5], which provide
both local detail and global context in a single display. Fisheye views have been applied to
visualize information in several domains. Furnas [5] applied fisheye views to program code,
tree structures and calendars. Fisheye techniques were used by Sarkar and Brown [12] to
support viewing and browsing graphs. Bederson [1] applied fisheye zooming to pull-down
menus with the goal to reduce the cognitive load caused by long lists of choices. Greenberg et
al. [6] introduced fisheye views to support group awareness when multiple people work
within a single window. The technique that we propose in this paper is highly inspired by their
groupware fisheye text viewer.
Techniques based on fisheye views have also been applied to hypertext applications [7, 10].
These techniques provide fisheye views of collections of Web pages or hypertext networks
rather than fisheye views of the content within pages. On the other hand, Bederson et al. [2]
developed the Multi-Scale Markup Language (MSML), a markup language implemented using
the HTML <Meta> tag to enable multiple levels of zooming within a single Web page. Their
goal, however, was to produce interactive Web pages which can be zoomed-in and zoomed-
out rather than adapt the content of the pages according to user goals or interests. Finally,
Tsandilas and schraefel [14] applied zooming to visualize hyperlinks. According to this work,
hyperlinks that relate to user goals are presented with large fonts, whereas irrelevant
hyperlinks are presented with small fonts. Font sizes are continuously changed as the user
specifies interests by means of interactive manipulators. 
Fisheye-view techniques define a Degree of Interest (DOI) function which specifies how the
elements of the visualization are presented. The actual definition of the DOI function is
application depended. Different approaches use different techniques to visualize information
with respect to the DOI function. Noik [10] classifies fisheye-view approaches into two main
categories: filtering and distorting fisheye views. Approaches that belong to the first category
use thresholds to constraint the display of information to relevant or interesting elements.
Approaches that belong to the second category, on the other hand, apply geometrical
distortion to the visualization. This is usually performed by altering the positions and the sizes
of the visualized elements, for example, elements of interest are zoomed in, whereas irrelevant
elements are zoomed out. Fisheye-view techniques usually assume that there is a single focal
point, and the value of the DOI function decreases with distance to this point. However,
several fisheye approaches [6, 12] support multiple focal points at the same time.
3. Applying Zooming to Adapt the Presentation of Web Pages
In this section, we present how content adaptation can be achieved by varying the level of
zooming of the visual elements in individual Web pages.
3.1 Expressing the Degree of Interest (DOI)
Adaptation provided by AH systems is based on a user model that captures information about
the user. We mainly focus on information finding tasks that Web browsing involves, so weassume that the user model captures the user’s current interests. More specifically, we
consider a finite set of information topics T = {t1,…,tn} and represent the user model as a
vector I(i1,…,in), where ii is a value that represents relevance between ti and the current
interests of the user. Each Web page is considered as a collection of individual segments sj,
which can be paragraphs, sections or other page parts. The content of each segment is
represented by a vector Vj(wj1,…,wjn), where wji is a value that represents relevance between ti
and sj. These values can be either assigned by a human, for example, the author of the page or
automatically derived by using information retrieval techniques. For example, they can be
calculated as the cosine [11] between the feature vector that represents the segment and the
feature vector that represents the information topic [14]. In the rest of the paper, we assume
that Vj is known for all the segments sj in a page. 
Based on the above discussion, we define the degree of interest DOI as the function:
According to this definition, DOI(sj) grows as the user's interests become relevant to the
content of sj. This definition of the DOI function differentiates from the original conception of
fisheye views. Proximity is not measured in terms of geometrical distance, but it refers to the
semantic distance between the content of the different segments in the page. Furthermore, the
focal point is determined by the focus of the user’s interests rather than the user’s current
focus of attention. Finally, it is clear that multiple focal points are supported as multiple
segments in a page may be relevant to the user's interests. 
3.2 Visualization
Page adaptation is based on the DOI function that was presented in the previous paragraph.
More specifically, assuming that lmax is the maximum size of a visual element within sj,
adaptation is performed by adjusting its size to the value l = lmax·DOI(sj), where the DOI
value has been normalized between 0 and 1. In order to prevent a page element from being
totally hidden when the associated DOI value is very small, we consider a value lmin which
determines the minimum size that the element can have. The size of any element within a
page can be adapted. For instance, text is adapted by modifying its font size and images are
adapted by modifying their height and width. Figure 1a demonstrates the application of the
technique to the paragraphs of a page. Fig. 1. Adapting the size of the text and images in a Web page
Although the technique changes the size of the various visual elements, other features of the
page’s layout are preserved. The reader of the page gets direct feedback about the quantity and
the structure of the material within the minimized paragraphs. In other words, while only the
most relevant parts of the page are on focus, contextual information about the content,
quantity, and layout of less relevant or irrelevant parts of the page is provided. Another
advantage of the technique is that multiple degrees of relevance can be represented, as the
sizes of the elements can be assigned a wide range of values. It can represent multiple
variations of relevance between the content of the segments of the page and the user’s
interests and also capture the uncertainty of the adaptation algorithm about the interests of the
user. However, dual representations can also apply by distinguishing between two only sizes
for each element type. Such an approach could be considered as a filtering fisheye technique,
since a threshold value of DOI is used to determine the size of the page elements. Its main
advantage is that it provides clarity requiring the user to distinguish between only two
different states of adaptation. 
3.3 Prototype implementation
In order to test the adaptation technique and explore the interaction issues that it involves, we
applied it to a small set of Web pages. These pages were taken from a Web site about cultural
events in Toronto. We first decided on a small set of topics that related to these pages, such as
music, dance, theatre, visual arts, and cinema. Each page element, and more precisely eachparagraph and image in the pages was associated with a vector of values, where each such
value specified the relevance between the element and a particular topic. This was achieved by
assigning a unique identifier to the each element in the page and adding JavaScript statements
to define the associated vector of relevance values. Additional JavaScript code was
implemented in separate files to provide functionality for dynamic adaptation of the different
elements. 
Fig. 2. Paragraphs related to theatre are on focus
Figure 2 presents a view of a page when the topic theatre is on focus. As shown in the figure,
pages are presented in the right frame of the browser’s window, while the left frame is used to
control the adaptation. Five icons at the left frame correspond to different topics. The user can
change the focus of the browsing session by clicking on a different icon. This change is
reflected to the presentation of the page in the right frame, where the size of the page's
elements is adapted based on their relevance with the selected topic. In order to achieve
smooth transitions between the consequent views of a page, we employ animation which is
performed by gradually changing the sizes of the elements in the page. As the user navigates
between different pages the information about the current focus is preserved and new pages
are adapted accordingly.
A first version of the prototype helped up to identify some problems and think about their
solutions. These problems concerned the legibility of text that appeared out of focus and the
lack of a simple and quick mechanism that would enable users to easily bring this text into
focus. Arguments supporting the value of presenting paragraphs with illegible fonts derive
from previous research [2, 7] and commercial products such as Acrobat Reader which have
successfully employed thumbnails of pages to provide context. The layout of a page and the
presence of elements like pictures are preserved by a page’s thumbnail and can provide
valuable hints about its actual content. However, individual paragraphs cannot provide as richlayout information as whole pages do. Furthermore, the above approaches provide
mechanisms that allow users to easily bring pages into focus. The easiest solution to the above
problem is to constraint the minimum value of the font sizes so that the text is always
readable. As different people have different visual abilities and in order to balance between
illegibility of text and cognitive overload caused by extra information brought to the user’s
attention, we decided to add a slider in the left frame of the pages as Figure 2 demonstrates.
The slider was implemented in Flash MX. By moving the slider, the user can adjust the
sensitivity of the adaptation and modify the minimum size of the text fonts. When the slider
moves to zero, no adaptation is performed. The slider allows the user to control the adaptation
process and adjust it according to his/her current goals.
Another technique that we use to handle the illegibility problem is the use of glosses that are
activated when the user moves the mouse over paragraphs with small font sizes. A gloss
provides hints about the content of the paragraph, such as a list of the most relevant topics.
Glosses have been used by other systems to provide information about hyperlinks [16] or
hidden text within pages [13]. 
Finally, we provide a mechanism that allows fluid transitions of individual paragraphs form
context to focus. More precisely, by double-clicking on a paragraph that is out of focus, the
user can zoom in the text of the paragraph together with its containing images. Animation is
used to smoothly change the zooming level. If the user double-clicks again, the paragraph is
zoomed-out to its initial size. This mechanism can be considered as a local rather than a
global change of focus. The global adaptation of the page is not affected when a paragraph is
double-clicked. In other words, temporary changes in the user’s attention are not translated
into switches of the user’s current interests. 
In summary, users specify the focus of their browsing tasks by selecting a topic of interest,
which determines the adaptation of the viewed pages. By hovering the mouse over minimized
paragraphs, they can get fast feedback about the content of the paragraphs. By double-clicking
on them, they can maximize them and read the content in detail. If they decide to switch the
focus of the adaptation, they can click on a different topic and change the view of the page.
Finally, they can control the degree of the adaptation by manipulating the slider. This
interaction model gives powerful control to the user and at the same time, provides smooth
transitions between the different views of the page. Since adaptation is not automatic but is
directly controlled by the user, the prototype can be considered as an adaptable rather than an
adaptive system. However, the generalization of the approach to automatic adaptation is
straightforward. 
4. Related Techniques of Content Adaptation 
Brusilovsky [4] identifies five different techniques for adapting canned text: (1) inserting or
removing fragments, (2) altering fragments, (3) stretchtext, (4) sorting fragments, and (5)
dimming fragments. Scaling fragments that our approach suggests can be considered as a sixth
technique. Each of the above techniques has advantages and disadvantages. The two first
techniques provide only focus but not context. In addition to that, the second technique
requires additional effort by the author of the adaptive pages who has to provide different
versions of a fragment's content for each user type. The fourth technique provides both focus
and context but their boundaries are not clearly shown. It may also not be clear to the user that
order of presentation signifies order of importance or relevance. Its main disadvantage,
though, is that reordering the fragments within a page can disturb the natural flow of
information and the text may become incomprehensible.The techniques that best support both focus and context and highly relate to our technique are
stretchtext and dimming. Stretchtext enables users to expand and collapse additional text
within a page. MetaDoc [3] was the first system that employed stretchtext as an adaptation
technique. It provided different views of hypertext documents for users with different
expertise. PUSH [8] also used stretchtext to adapt the content of hypertext documents to
different information tasks. The advantage of the above approaches is that although text that is
judged as irrelevant or redundant is hidden, the user can open it by clicking on a link or a
representative icon. The amount of context that is provided by this approach depends on the
ability of the link anchor or the icon to inform the user about the content of the hidden
fragment. Compared to our technique, the main disadvantages of stretchtext are: (1) it does
not provide any feedback about the quantity and layout of the hidden information; (2) support
of context depends on the selection of a representative text or icon for the adaptable fragment,
which is a procedure that needs special design considerations from the author of the page; and
(3) it can visualize only two states of adaptation, i.e., fragments are either visible or hidden. 
Dimming was introduced by Hothi et al. [9]. According to this approach, parts of the
document containing information that is out of the user's focus are shaded instead of being
hidden or zoomed-out. Information in context, in this case, is rich and directly accessible.
Multiple states of relevance could also be represented by applying multiple levels of shading.
The main drawback of dimming is that it does not reduce the size of the adapted page. Also,
although shaded, irrelevant information can easily gain the attention of the users disrupting
them from their main task.
5. Pilot Study
The most common approach of evaluating an adaptive system is to compare it against its non-
adaptive version. This approach was adopted by the evaluations of both MetaDoc [3] and
PUSH [8]. Although these evaluations showed that the adaptive versions of the systems
improved the users' performance in several information tasks, they did not explain whether the
employed adaptation technique, i.e., stretchtext, was better than other adaptation techniques.
The question that arises is whether other adaptation techniques would have similar or better
results if used by the same systems. It is not clear whether it was the particular adaptation
technique or it was the efficiency of the adaptation mechanism that resulted in the observed
improvements in the users' performance. 
Comparing two adaptation techniques is not an easy task. Different adaptation techniques
have been designed for different domains and different tasks. They cannot easily be separated
by the system in which they have been used. However, as our goal is to identify techniques the
use of which can be easily extended to generic Web pages and common browsing tasks, we
conducted a preliminary study which compared two different adaptation techniques: the
zooming technique that we presented in Section 3, and a stretchtext-like technique. 
5.1 The techniques
In order to simplify the evaluation procedure and avoid biased conclusions in favour of one
technique, we tried to eliminate the differences between the implementations of the two
techniques. Thus, we focused on a single variation of the interface, which is the way that out-
of-focus paragraphs are visualized. In the case of the zooming technique, we used a single
level of zooming to present paragraphs in context. The fonts were selected to be legible and
glosses were disabled. The topic icons and the slider in the left frame were removed as well.The stretchtext version was based on the same implementation. The font size of paragraphs in
context was set to zero. However, each paragraph had a representative title or introductory
sentence whose font size was not adapted. The interaction model was exactly the same for
both cases. Depending on the technique, the user could double-click on the body of the
minimized paragraph or the paragraph's title to zoom in or expand, respectively, the
paragraph. By following a similar procedure, the user could minimize or collapse the
paragraph. Animation was used in both cases to smooth these transitions. Figure 3 shows two
versions of the same page corresponding to the two different techniques that we tested.
(a) Applying the zooming technique  (b) Applying the stretchtext technique 
Fig. 3. Zooming and stretchtext adaptation applied to the same page 
5.2 Design of the study
The pilot study was conducted in the Digital Graphics Project (DGP) laboratory in the
University of Toronto. All the sessions were performed on the same machine with a 18-inches
flat monitor. We used Internet Explorer v6.0 and 1280x1024 pixels as screen resolution.
Times New Roman was used as text font, with size set to 18px for in-focus text, and 10px for
out-of-focus text in the case of the zooming technique. This resulted in page layouts like the
ones presented in Figure 3. User actions were captured using JavaScript. JavaScript code
posted the captured user actions together with time stamps to a servlet running locally, which
saved the data into a log file. 
Two female and four male subjects participated in the study. They were all graduate student in
Computer Science. Subjects had to complete 12 different tasks on three different pages which
involved information about cultural events in Toronto. The first page (P1) contained 6
paragraphs, the second page (P2) contained 8 paragraphs, and the third page (P3) contained
about 75 paragraphs. Only P1 and P2 contained pictures. Links were removed from the pages,
i.e., only navigation within the pages was allowed. Tasks were divided into two main
categories. The goal of the first 6 tasks was to compare the ability of each technique to help
users to locate information within the three pages. Each of these 6 tasks involved two
subsequent questions. The first question asked the subjects to locate one piece of information
contained in a paragraph that was in focus. The second question asked the subjects to locate
one piece of information contained in a paragraph that was either in focus or in context. The
goal of the other 6 tasks was to test the ability of each technique to support information
gathering. The subjects were asked to find either 3 pieces of information within P1 or P2 or 5pieces of information within P3 that satisfied a particular condition. In the first case, 2 out of
the 3 answers were in paragraphs displayed in focus, while one answer was in a paragraph that
was in context. In the second case, 3 out of the 5 answers were in paragraphs displayed in
focus, while 2 answers were in paragraphs that were in context. The page adaptation was fixed
for each task and was based on a small set of topics such as music, dance, theatre and cinema.
The subjects were not given any information about the adaptation mechanism. 
The subjects could answer a question by selecting with the mouse the relevant piece of
information and clicking on the "select" button in the left frame of the browser's window.
They were told that they should give answers as precisely as possible. They were not allowed
to use any search facility of the browser. The study was designed considering only one
independent variable, the adaptation technique. Dependent variables that we considered were
the number of correct answers, the number of double-clicks on paragraphs, and the mean time
that the subjects spent for each answer. The subjects were split into two different groups. The
tasks to which the two techniques were applied were switched between the two groups. All
the subjects tried both techniques in similar tasks. In order to eliminate the learning factor, the
sequence of the tasks was different for each subject in a group. Before the beginning of the
main session, the subjects were trained to locate and gather information using the two
techniques on a fourth page taken from the same Web site. The time spent for training was
about 10 minutes, while the time spent for the main session varied from 30 to 40 minutes. At
the end of the experiment, the subjects were asked to fill in a questionnaire which allowed
them to rate the two techniques and give us additional feedback. 
5.3 Quantitative results
Figure 4 presents the distribution of double-clicks for the two approaches. As shown in the
figure, the number of double-clicks was greater for both types of tasks and for all the three
pages when stretchtext was used. This result was expectable since when the zooming
technique was applied, the subjects could read the text without having to maximize it.
However, the results show that although the text in the out-of-focus paragraphs was readable,
the subjects used the zooming mechanism rather frequently. The logged user actions also
showed that almost always and for both techniques, a double-click maximizing a paragraph
was followed by a double-click minimizing the paragraph. Exception to this rule was the
behaviour of one subject who preferred to maximize a small number of paragraphs without
minimizing them after.
(a) Tasks for locating information (b) Tasks for gathering information
Figure 4. The distribution of the number of double-clicks for the two techniquesThe analysis of the answers that the users gave did not lead to any conclusion in favour of one
technique or the other. All but four answers, which were equally distributed between the two
techniques, were correct. Also, one gathering task was misunderstood by a user, so the
corresponding data was not included in the analysis. Figure 5 presents the mean times that the
subjects spent before giving an answer. We show again how the times were distributed among
the three pages. Figure 5a shows the mean times spent for answers that involved locating
information that was in focus, Figure 5b shows the mean times for answers that involved
locating information that was in context, and Figure 5c shows the mean times for answers that
were part of information gathering tasks. The results show that there were no differences in
the total mean times for the two techniques. In contrast to our expectations, the zooming
approach did not perform better in tasks that involved locating information in context. We
think that the reason for this result is the cost that is associated with reading small font sizes,
which was not quantified by our experiment. It seems that expanding or zooming in a
paragraph can accelerate the reading process. Another observation that we can make is that
stretchtext performed better on the large page, whereas the zooming technique performed
generally better on the two smaller pages. One possible explanation for this is that zoomed-out
paragraphs occupy significantly larger space than simple paragraph titles. This results in
greater scrolling times within pages. This phenomenon became intense in the case of the large
page reducing the performance of the zooming technique. 
(a) Locating information in
focus
(b) Locating information in
context
(c) Gathering information
 
Figure 5. Mean times per answer
5.4 Preferences
The analysis of the subjects' ratings and comments about the two techniques shows a slight
advantage of the zooming technique over the stretching technique. 3 out of the 6 subjects
liked the zooming technique more than the stretching technique for information locating tasks,
2 subjects were not sure, while one subject preferred the stretching technique. 4 subjects rated
higher the stretchtext technique for locating information that appears in focus, while one
subject rated higher the zooming technique. One the other hand, 4 subjects preferred the
zooming technique for locating information that appears in context over one subject who
preferred the stretchtext technique. We can observe that the preferences of the subjects do not
match the mean times of the performed tasks as presented in Figure 5a-b. This shows that the
task completion time should not be the only measure for evaluating adaptive techniques.
Concerning information gathering tasks, 2 subjects rated the zooming technique higher; one
subject rated the stretchtext technique higher, while equal scores were given by the three other
subjects. The last question of the questionnaire asked the subjects to evaluate the zooming and
the stretchtext technique in overall and compare them against common browsers which do not
provide any kind of adaptation. 3 out of the 6 subjects rated the non-adaptation approach
higher than the two adaptation techniques. This seems to be reasonable since during the tests,page adaptation did not always facilitate the tasks that the subjects had to perform. Finally, 4
subjects rated higher the zooming technique over the stretchtext technique.
We should note that one subject rated the zooming technique low in all the questions. He
commented that in contrast to the zooming technique, the stretching technique provided
summarization and abstraction which facilitated his browsing tasks. He also disliked the way
zooming was implemented. He said that as text became larger, the number of lines and the
position of the words in the resized paragraphs changed and this made him loose the flow of
information. Another comment that we received was that the small fonts were not easily
readable. Sometimes the subjects had to move closer to the screen to read the text. Careful
selection of the fonts could reduce this problem, but variations in the visual abilities of
different people should also be considered. 
6. Conclusions and Future Work
In this paper, we introduced a new technique based on fisheye views for adapting the
presentation of content in Web pages. We stressed the need of supporting both focus and
context when adapting the presentation of a page's content. We argued that the proposed
technique can balance the trade-off between information overload and lack of context. We
conducted a pilot study to compare the technique against stretchtext-based adaptation. The
small number of subjects that participated in the study does not allow us to make general
claims about the efficiency or usefulness of our technique against stretchtext. The study,
however, indicated that the fisheye technique seems promising. We should mention that
although both techniques that we compared performed almost equally in terms of the time that
the subjects spent to complete their tasks, the authoring of the stretchtext pages required
additional effort. We had to manually select appropriate sentences in the paragraphs as
representative titles. The structure and content of the Web site on which we based our
experiments facilitated this task, but this might not be the case if the technique was applied to
other pages. Our study did not evaluate how the expressiveness of the paragraph titles could
affect the performance of stretchtext adaptation. It also revealed issues that were not taken
into consideration from the beginning. In a future evaluation, we have to consider variables
such as the size of the pages, and the size and legibility of the fonts. We also plan to evaluate
navigation between pages in addition to navigation within pages. Finally, it would be
interesting to examine how the two compared techniques could be integrated. Representative
titles could be combined with zoomed-out page fragments. This approach could provide both
summarization and feedback about the layout and the size of the adapted fragments. 
Our evaluation differentiated from other evaluations of AH systems which usually measure
the performance of the adaptive system against its non-adaptive version. We believe that
comparing an AH system against its non-adaptive version does not clearly evaluate the
performance of the adaptation technique, since the results depend on the efficiency of the
underlying adaptation algorithm. A future goal, however, is to study how different adaptation
techniques affect the threshold over which an adaptive system starts performing worse than its
non-adaptive version. 
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